INTRODUCTION
============

The advantage of hemodiafiltration (HDF) is well known and well discussed.^[@R1],[@R2]^ Clearance of middle-to-large molecules can be improved by convective transport through HDF. Studies have shown that HDF improves hemodynamic stability and response to erythropoietin (EPO) and reduces the incidence of hemodialysis-associated amyloidosis and chronic inflammation.^[@R3],[@R4]^ HDF can also reduce all-cause mortality in hemodialysis patients.^[@R2]^ One of the disadvantages of HDF is loss of serum albumin.^[@R5],[@R6]^ The possible mechanism of albumin loss in dialysate was high convective volume in HDF and the albumin concentration in the effluent differs according to the type of filter used and the convective volume.^[@R7]^ However, this issue is still obscure.^[@R8]--[@R10]^ den Hoedt et al showed that after 6 years follow up, there were statistically significant reduced levels of serum albumin in HDF and HD patients including all ages. But there was no difference of serum albumin level between HDF and HD patients.^[@R10]^ Orasan et al^[@R11]^ also showed that decreasing serum albumin levels were noted both in HD and HDF patients. However, Jean et al^[@R12]^ demonstrated recently that serum albumin (34.4 ± 3.6, 35.9 ± 3.4, and 34.1 ± 4.0 g/L, *P* \< 0.0001, values shown for HDF1, HD, and HDF2, respectively) were significantly lower during the HDF periods in a cross over study of 51 patients. Protein-energy malnutrition is a major risk factor for mortality. Serum albumin is a surrogate of nutrition and inflammation and can predict mortality in HD patients.^[@R13]^ In the Dialysis Outcomes and Practice Patterns Study (DOPPS),^[@R14]^ older age, catheter vascular access, albumin concentration \<3.5 g/dL, phosphorus concentration \<3.5 g/dL, cancer, and congestive heart failure were all positively associated with 1-year mortality. Age is a most discussed risk factor for maintenance hemodialysis (MHD) patients no matter in mortality or other comorbidities. However, in different age stratification and race, the result is different. In a seminal study comparing African-American versus White dialysis patients, Kucirka et al^[@R15]^ reported that African-Americans have increased mortality risk in younger (≤50 years old) age groups and decreased mortality risk in older (\>50 years) age groups, but did not separately consider Hispanic ethnicity. In different age categories, Lertdumrongluk et al^[@R16]^ pointed out that serum alkaline phosphatase (ALP) levels were positively correlated with mortality in all age groups, and the positive correlation between ALP and mortality was much stronger in patients with ages \<45 years as compared with patients ≥45 years. The positive correlation between serum parathyroid hormone (PTH) levels and mortality was stronger in older patients as compared with the younger patients. There were only incremental correlation between serum PTH and mortality in middle-age and older patients (≥45 years). No significantly positive correlation was noted between serum PTH levels and mortality in patients \<45 years. The effect of age needs to be considered when interpreting the prognostic implications of serum ALP and PTH levels. To our knowledge, study on serum albumin/hypoalbuminemia and HDF in different age stratification is limited. The aim of this cross-sectional study was to assess the role of HDF and other clinical variables on serum albumin values in MHD patients. We hypothesized that serum albumin levels would show differential associations with HDF across varying age groups in MHD patients.

METHODS
=======

The Institutional Review Board Committee of Chang Gung Memorial Hospital approved the study protocol. All medical records during the study period, including medical history, laboratory data, and inclusion and exclusion factors were reviewed by senior nephrologists. In addition, all individual information was securely protected and was only available to the investigators.

Patients
--------

Study patients were recruited from the 3 hemodialysis centers of Chang Gung Memorial Hospital, Lin-Kou Medical Center, Taipei and Taoyuan branches. Only MHD patients who were 18 years of age or older and had received hemodialysis for at least 6 months were enrolled in this study. The inclusion criterion of HDF was patients receiving thrice weekly HDF for ≥3 months (Figure [1](#F1){ref-type="fig"}). Postdilution HDF was performed for HDF patients. Synthetic high-flux dialyzers were used for HDF. Both HDF and HD were performed with ultrapure dialysate. A minimum of 300 mL/min of blood flow was required for HDF. A minimum of 20 L/session of replacement volume was requested for HDF. Patients with malignancies or obvious infectious diseases, as well as those who had been hospitalized or had undergone surgery within 3 months of the investigation, were excluded. Diabetes mellitus (DM) was defined by either a physician\'s diagnosis, antidiabetic drug treatment, or if 2 subsequent analyses demonstrated fasting blood glucose levels of \>126 mg/dL. Most patients underwent 4 h of hemodialysis 3 times a week. Hemodialysis was performed using single-use hollow-fiber dialyzers equipped with modified cellulose, polyamide, or polysulfone membranes. The dialysate used in all cases had a standard ionic composition with a bicarbonate-based buffer. We noted the incidence of cardiovascular diseases (CVDs) including cerebrovascular disease, coronary artery disease, congestive heart failure, and peripheral vascular disease in these patients. Hypertension was defined as the regular use of antihypertensive drugs to control blood pressure or at least 2 blood pressure measurements of \>140/90 mm Hg. Smoking behavior was also noted in this study. Smoking status was defined as that patients had smoked every day for more than 3 months at the time of clinical data measurements.^[@R17]^

![Flow chart of inclusion and exclusion criteria of HD patients in this study. HD = hemodialysis, HDF = hemodiafiltration.](medi-95-e3334-g001){#F1}

Age Stratification
------------------

Because the definition of age stratification differ in countries, we divided the patients into 4 groups by age stratification of youth (\<30 years old), young-middle age (30--44 years old), middle age (45--64 years old), and old age (≥65 years old) according to the study by National Health Research Institutes of Taiwan.^[@R18]^

Laboratory, Nutritional, and Inflammatory Parameters
----------------------------------------------------

The blood samples were drawn and measured as described in our previous study.^[@R19]^ The procedures were summarized briefly as follows. Normalized protein catabolism rate (nPCR) and serum albumin levels were measured and used as nutritional markers. Serum albumin was detected by colorimetric method in our 3 HD centers. High-sensitivity C-reactive protein (hsCRP) levels were assayed as the index of inflammation. Dialyzer clearance of urea was measured using a Daugirdas method and was expressed as Kt/V urea.^[@R20]^ The nPCR of HD patients was calculated by approved equations and normalized to their body weight.^[@R21]^

Definition of Malnutrition and Inflammation
-------------------------------------------

Till now, the accurate level of albumin for nutrition evaluation is not clear. Serum albumin level of \<3.6 g/dL to be malnourished upon the lower limit of the normal range of serum albumin levels in our hospital, that is, 3.5 g/dL, and represented the 10th percentile of the Third National Health and Nutrition Examination Survey of Americans.^[@R22],[@R23]^ However, in K/DOQI Clinical Practice Guidelines for Chronic Kidney Disease, an acceptable goal level of serum albumin is ≥4.0 g/dL in patients with MHD.^[@R24]^ From above cited studies and description, we tried to analyze the association between variables and status of malnutrition as serum albumin \<3.6 and \<4 g/dL, by multivariate logistic regression analysis, respectively. The presence of inflammation in the MHD patients was defined as an hsCRP level of \>3 mg/L, a level that was correlated with elevated cardiovascular risk in the general population.^[@R25],[@R26]^

Statistical Analysis
--------------------

Data were analyzed using SPSS, version 12.0 for Windows 95 (SPSS Inc., Chicago, IL). The Kolmogorov--Smirnov test was used to test if variables were normally distributed. A *P* value of \>0.05 was required to assume a normal distribution. Unless otherwise stated, continuous variables are expressed as mean ± standard deviation, and categorical variables are expressed as numbers or percentages. Chi-squared test or Fisher exact test was used to analyze the correlation between categorical variables. Comparisons among the 4 study groups were analyzed using a trend test. Comparisons between 2 groups were performed using the Mann--Whitney *U* test and Student *t* test. The data of intact parathyroid hormone (iPTH) and hsCRP levels were log-transformed for analysis. To evaluate the variables related to malnutrition (serum albumin, \<3.6 and \<4 g/dL), multivariate logistic regression analyses in forward method were performed to assess the odds ratio and 95% confidence interval for the baseline variables including age, male sex, body mass index (BMI), smoking status, DM, hypertension, previous CVD, hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infection, hemodialysis duration, fistula as blood access, HDF, Kt/V Daugirdes, nPCR, residual daily urine of \>100 mL, hemoglobin, serum creatinine levels, inorganic phosphate levels, hsCRP \>3.0 mg/dL, cholesterol levels, and triglyceride levels. All the nominal variables in logistic regression were transformed into dummy coding. Missing data were approached with listwise deletion. One-way ANOVA and a post hoc test (Bonferroni) were used to analyze the difference of continuous variables between 4 age groups. The level of significance was set at *P* \< 0.05.

RESULTS
=======

Study Population Characteristics
--------------------------------

A total of 1216 MHD patients (610 men and 606 women) met the inclusion criteria, with a mean MHD duration of 6.36 ± 4.99 years, and were included in the study. Table [1](#T1){ref-type="table"} lists the patient characteristics including age, gender, and BMI, along with the biological, hematological, and biochemical data for the 4 subgroups dividing from age stratification. As increasing with age stratification, this study seemed to comprise patients with a trend of higher BMI, ferritine levels, and hsCRP levels; and higher prevalence of female sex, DM status, and previous CVD status; and lower serum albumin, phosphate, iPTH, nPCR, hemoglobin, and creatinine levels; and lower prevalence of smoking, HDF, malnutrition, HBV infection, arterio-venous (AV) fistula access, and daily residual urine \>100 mL (Table [1](#T1){ref-type="table"}). The groups did not differ in terms of hypertension, presence of HCV infection, hemodialysis duration, Kt/V (Daugirdas), corrected calcium levels, cholesterol levels, and triglyceride levels.

###### 

Baseline Characteristics of Hemodialysis Patients in Different Age Stratification
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Probability of Having Malnutrition in 1216 MHD Patients by Serum Albumin Level \<3.6 and \<4 g/dL, Respectively
---------------------------------------------------------------------------------------------------------------

Table [2](#T2){ref-type="table"} shows that among the 4 age stratifications, only in middle-age group, patients with HDF was significantly (*P* = 0.013) associated with serum albumin \<4 g/dL. However, in Table [3](#T3){ref-type="table"}, we did not found the association between patients with HDF and serum albumin \<3.6 g/dL in the 4 age stratification (*P* \> 0.05). From above finding, in advance, we divided the patients into 3 groups such as serum albumin \<3.6 g/dL, 3.6 g/dL   serum albumin \<4 g/dL, and serum albumin ≥4 g/dL. Only in middle-age group, number of patients with HDF were significantly higher than without HDF in the range of 3.6 g/dL ≤ serum albumin \<4 g/dL (Table [4](#T4){ref-type="table"}, *P* = 0.031).

###### 

Comparison of the Numbers of Patients With Hypoalbuminemia (\<4 g/dL) Between Patients on HDF or Not in Different Age Stratifications
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###### 

Comparison of the Numbers of Patients With Hypoalbuminemia (\<3.6 g/dL) Between Patients on HDF or Not in Different Age Stratifications
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###### 

Comparison of the Numbers of Patients With Hypoalbuminemia (in Different Range of Serum Albumin Level) Between Patients on HDF or Not in Different Age Stratifications
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Comparison of Clinical Variables Between Patients With and Without HDF in Middle-Age Group
------------------------------------------------------------------------------------------

In order to clarify the association between patients with HDF and malnutrition, subgroup analysis was used for patients with HDF in middle-age group (Table [5](#T5){ref-type="table"}).

###### 

Baseline Characteristics of Hemodialysis Patients in Middle-Age Patients (n = 649)
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In middle-age group, the patients receiving HDF were younger (53.3 ± 5.72 vs 54.71 ± 5.39 years, *P* = 0.01), predominantly male (65.6% vs 46.3%, *P* \< 0.001), high incidence of smoking habits (27.0% vs 11.8%, *P* \< 0.001), lower incidence of DM (13.9% vs 32.8%, *P* \< 0.001), lower incidence of CVD (4.9% vs 22.0%, *P* \< 0.001), higher incidence of HCV infection (34.4% vs 15.0%, *P* \< 0.001), longer hemodialysis duration (10.10 ± 6.11 vs 6.01 ± 4.86 years, *P* \< 0.001), low EPO usage (56.22 ± 44.20 vs 72.54 ± 47.76 U/kg weight per wk, *P* = 0.001), high Kt/V (1.92 ± 0.35 vs 1.73 ± 0.30, *P* \< 0.001), low incidence of daily urine output \>100 cc (17.2% vs 31.1%, *P* = 0.002), high hemoglobin level (10.90 ± 1.40 vs 10.42 ± 1.29 g/dL, *P* \< 0.001), low albumin level (4.03 ± 0.31 vs 4.09 ± 0.31 g/dL, *P* = 0.034), low ferritine level (196.6 vs 338.1 μg/L, *P* \< 0.001), high corrected calcium level (10.17 ± 0.98 vs 9.80 ± 0.89, *P* \< 0.001), and high log iPTH level (2.20 ± 0.54 vs 2.07 ± 0.59 pg/mL, *P* = 0.02).

In order to clarify the association between variables and adequate nutrition from different reference (serum albumin level \<3.6 and \<4 g/dL, respectively) in middle-age group, a multivariate-forward logistic regression analysis were used for demonstration. Male sex (2.169 \[1.029, 4.574\], *P* = 0.042), inflammation (4.167 \[2.043, 8.498\], *P* \< 0.001), CVD (2.92 \[1.019, 8.402\], *P* = 0.046), serum creatinine level (0.639 \[0.538, 0.758\], *P* \< 0.001), and cholesterol level (0.984 \[0.975, 0.993\], *P* = 0.001) were associated with serum albumin level \<3.6 g/dL. HCV infection (1.911 \[1.186, 3.077\], *P* = 0.008), HDF (2.143 \[1.298, 3.540\], *P* = 0.003), inflammation (2.309 \[1.549, 3.440\], *P* \< 0.001), use of AV fistula (0.518 \[0.327, 0.820\], *P* = 0.005), KT/V (0.395 \[0.193, 0.809\], *P* = 0.011), nonanuria (0.542 \[0.337, 0.870\], *P* = 0.011), serum creatinine level (0.744 \[0.669, 0.828\], *P* \< 0.001), and cholesterol level (0.993 \[0.987, 0.998\], *P* = 0.013) were associated with serum albumin level \<4 g/dL.

In order to compare the difference of patients' baseline parameters in 4 age groups, 1-way ANOVA showed that there were significant differences in educational levels (*P* \< 0.001) and ultrafiltration amount (*P* \< 0.001) between 4 age groups. Post hoc analysis showed that middle-age group patients had significantly lower educational levels than young middle-age group (average difference: −1.020, standard error: 0.081, *P* \< 0.001) and middle-age group patients had significantly higher ultrafiltration amount than old-age group patients (average difference: 0.4303 kg, standard error: 0.1301, *P* = 0.001).

DISCUSSION
==========

Previous studies showed that after switching from high-flux HD to HDF, there was a decrease in serum albumin level.^[@R8],[@R11],[@R12]^ But Movilli et al^[@R27]^ recently showed that HDF induces a long-term significant reduction in predialysis β2M and hsCRP concentrations, but no significant serum albumin variation were seen. Vilar et al^[@R28]^ found that there was no difference in serum albumin level between HDF and high-flux hemodialysis 5 years after initiation of hemodialysis. However, these studies did not take age into consideration. In our present study, we demonstrated that HDF was significantly associated with hypoalbuminemia in middle-age MHD patients. In other age stratifications, no significant association was noted. In addition, HDF induced hypoalbuminemia level is mostly in the range of 3.6 g/dL \< serum albumin \< 4 g/dL. Hence, the effect of age needs to be considered when interpreting the prognostic implications between hypoalbuminemia and HDF.

In our middle-age patients, patients with HDF showed a significant higher Kt/V levels than patients on conventional HD. Multivariate logistic regression in middle-age HD patients also showed significant correlation between Kt/V and serum albumin level \<4 g/dL. Bolasco et al^[@R29]^ showed that in longer periods of hemofiltration, a notable correlation between Kt/V and convection volume was noted. Convection volume had been shown to be a negative association with serum albumin.^[@R12],[@R30],[@R31]^ However, there were other studies showed that there was no influence of convection on serum albumin level.^[@R32],[@R33]^ Therefore, the lower serum albumin level in middle-age group might be due to higher convection volume-related higher Kt/V, but the causal effect between serum albumin level and convection volume needs further study.

Our study showed that there was a significant correlation between HCV and serum albumin lower than 4 mg/dL in middle-age HD patients. Tsai et al^[@R34]^ reported that there was an association of HCV infection and malnutrition--inflammation complex syndrome, which included serum albumin, in MHD patients. There was no previous to show that there was association between HCV infection and low serum albumin in middle-age HD patients. Therefore in middle-age HD patients who had HCV infection, we should pay more attention to the serum albumin level.

In our study, we showed that in middle-age patients on HD, 24-h residual urine \>100 mL was 1 of the predictors of serum albumin lower than 4 g/dL. It has been demonstrated that residual renal function (RRF) may have a beneficial effect on nutritional parameters, such as serum albumin level, in chronic HD patients.^[@R35]--[@R37]^ Schiffl et al^[@R38]^ showed that high efficiency HDF can preserved RRF better than conventional HD. RRF may have a beneficial effect on nutritional parameters, especially serum albumin, and it is important to check RRF over time in chronic HD and HDF patients.

The serum cholesterol level was negatively correlated with serum albumin lower than 4 and 3.6 g/dL in our study. Avram et al^[@R39]^ had demonstrated that levels of serum cholesterol and albumin were higher among long-term survivors of HD patients. Therefore, higher cholesterol level in our study may reflex better nutritional status.

What is the reason that HDF is a predictor of serum albumin \<4 g/dL only in the middle-age HDF patients? The patient numbers in the middle-age HDF group was much larger than the other HDF patient group. The small patient numbers in other patient group might be the reason of unsignificance.

We demonstrated that middle-age patients on HDF had significantly lower educational level than young middle-age patients and higher than old-age patients on HDF. However, due to large difference of patient numbers between middle-age and old-age patients on HDF, the significance may not be correct. Therefore, lower educational level may be 1 reason that middle-age patients on HDF were more susceptible to lower albumin level under the influence of HDF. In previous studies, they showed that low educational level and low albumin level were associated with mortality in HD patients.^[@R40],[@R41]^ There might be some correlation between educational level, albumin level, and their correlation with HDF. Darmon and Drewnowski showed that higher-quality diets are, in general, consumed by better-educated and more affluent people. Conversely, lower-quality diets tended to be consumed by groups of lower SES and more limited economic means.^[@R42]^

In our present study, we showed that mean ultrafiltration amount during each HDF session in middle-age HDF patients was significantly higher than old-age HDF. Fournier et al^[@R43]^ showed that albumin loss in postdilution HDF was significantly affected by infusate flow, infusate volume, transmembrane pressure, and ultrafiltration volume.

den Hoedt et al^[@R44]^ reported that compared with women, men had an excess decline of 0.03 g/dL per y in albumin (−0.06 to −0.001; *P* = 0.05) in HD patients over time. Our middle-age HDF patients have high percentage of males (65.6%) and this may explain the association of HDF and low albumin in this age group.

LIMITATIONS
===========

This is a cross-sectional study and further randomized controlled studies should be performed to confirm the relation between causal and effect of age and hypoalbuminemia in HDF patients. The patient numbers were different in different age groups and varied a lot with only 29 patients in the young-age group and 649 patients in the middle-age group. Small patient number will increase the possibility of type II errors. We should enroll more patients of young and young-middle-age groups by cooperation with other HD centers to correct this bias. We did not measure the albumin level in the dialysate to access the level of albumin loss in the HDF process.

CONCLUSION
==========

HDF is a predictor of serum albumin level \<4 g/dL in middle-age HD patients. The effect of age needs to be considered when interpreting the prognostic implications between hypoalbuminemia and HDF.
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